Background: Vitamin D is vital for human health but its deficiency is worldwide. There is a gap in our knowledge about vitamin D status in Bahrain.
The importance of vitamin D stems primarily from its vital role in the musculo-skeletal health 1 . Vitamin D deficiency might lead to rickets, osteoporosis and impaired body balance 2 . Furthermore, vitamin D receptors have been identified in most body cells and linked to various cellular functions.
It is well-recognized that vitamin D has roles in inflammatory and immune processes 3 . Its deficiency is linked with autoimmune disorders, cardiovascular diseases, diabetes mellitus, as well as breast and colon cancers [3] [4] [5] [6] [7] . Although a causal relationship is controversial, the association of vitamin D deficiency with many disorders has been too strong to be unnoticed.
Despite the recognized importance of vitamin D for human health, its deficiency is a universal problem 8, 9 . Several reports in both Eastern and Western hemispheres have recognized a high prevalence of vitamin D deficiency 10, 11 . However, this nutritional deficiency is more severe in Middle Eastern and Asian populations 12 .
Vitamin D research in Bahrain is limited. A recent study on volunteers who attended the blood bank center at Bahrain Defense Force hospital found vitamin D deficiency in 169 (67.6%) of the females and 78 (31.2%) of the males 13 . Another recent multicenter study that included mothers presenting in labor and their newborns, found that vitamin D was deficient in 88.8% of the mothers and 90.3% of their newborns 14 .
Vitamin D deficiency is traditionally common among high-risk groups, such as pregnant women, infants and elderly. However, it is increasingly reported among seemingly healthy adults. Our knowledge about vitamin D status among the general population in Bahrain is still limited.
The aim of this study is to identify vitamin D status among men in Bahrain and to identify the associated risk factors.
METHOD
A cross-sectional study was carried out in the second and third weeks of April 2012. The study population was the husbands of women in labor presenting to the eight participating maternity hospitals. It is part of a national multi-center study, which involved mothers in labor and their newborns 14 . Three hundred sixty-four out of the 403 men (90.3%) have accepted to be included in this study. The participating (4 public and 4 private) maternity hospitals are the catchment area for 94% of the annual births in the country 15 .
Data collection is based on an interview and the administration of questionnaires followed by the collection of 5 ml of blood. As shown in table 1, no significant association was found between vitamin D level and the participants' age (P-value 0.720), nationality (P-value 0.718) and exercise (P-value 0.332). However, high income (P-value 0.020), smoking (P-value 0.021), lack of sun exposure (P-value 0.001), and high BMI (P-value of 0.022) showed significant association with vitamin D deficiency. Multiple linear regression analysis showed that lack of direct sun exposure (P-value 0.001), high BMI (P-value 0.001) and high income (P-value 0.028) were associated with vitamin D deficiency.
Twenty-three (6.3%) had hypertension, 16 (4.4%) had diabetes mellitus and 19 (5.2%) had arthritis but none of these comorbidities showed a significant association with vitamin D level. 
DISCUSSION
This study demonstrated that vitamin D deficiency is common among married men in Bahrain. However, it is more common among their pregnant wives (64% in men versus 89.3% in women). This is not surprising; women in most cultures have lower vitamin D level than men 8, 9, 12 . This is attributed mainly to less sun exposure and to the high demands on maternal vitamin D stores by the fetus.
In this study, Vitamin D deficiency in men is doubled compared to that reported among male blood donors in BDF hospital (31.2%) 13 . This could be attributed to the healthy pool of blood donors who are mainly from military personnel and their dependents. In addition, this could be attributed to different methods of vitamin D estimation chemiluminescence versus liquid chromatography. However, the correlation coefficient between the two assay methods in the same two laboratories was 0.92. Furthermore, vitamin D deficiency among men in this study is less than the reported in men from Jeddah (87.8%) and Riyadh (92%) regions 16, 17 . It is largely attributed to their older age, obesity, sedentary lifestyle, poor education and lack exposure to sunlight, smoking and poor dietary vitamin D supplementation.
Many studies indicated that vitamin D deficiency is not limited to the traditional risk groups but it is also documented in men in many Western countries 8 . Based on dietary intake survey data, vitamin D is the only deficient vitamin in Europe 18 . In the USA, the overall prevalence rate of vitamin D deficiency was 41.6%, the highest rate was seen in blacks (82.1%), followed by Hispanics (69.2%) 11 .
In this study, the men's age, nationality, and lack of exercise showed no impact on vitamin D level. However, high income, smoking, lack of sun exposure, and high BMI showed significant association with vitamin D deficiency. These significant associations are compatible with many studies that showed similar links 8, 11, 12, 16 . The significant association of high income with vitamin D deficiency is unique in this study because traditionally vitamin D deficiency is more common in low-income population. It is most likely to have been caused by the limited sun exposure due to the extreme heat in Bahrain; high income individuals who work, exercise, and socialize mainly indoor get very little sun exposure.
It is not surprising that the lack of sun exposure among the population of this study was significantly associated with vitamin D deficiency. Similar observations were documented in many other studies 9, 11, 14 .
In this study, patients with high BMI had vitamin D deficiency (P-value .001). The association between obesity and lower vitamin D is well recognized [19] [20] [21] . However, the exact mechanism is not well-established and several hypotheses were suggested 22 . These included lower dietary intake, reduced cutaneous synthesis, altered metabolism, sequestration of vitamin D in adipose tissues or simply due to dilutional effect caused by the large adipose tissues in obese individuals 23 . Furthermore, other studies suggested that high vitamin D could help in reducing body fat mass but so far it has no definite effect on the weight [24] [25] [26] .
In this study, tobacco smoking showed a significant association with vitamin D deficiency in bivariate analysis (P-value .021), but in multivariate analysis it became insignificant (P-value .061). Several studies have linked tobacco smoking with increased bone loss, lower bone mass and osteoporotic fractures [27] [28] [29] .
Several mechanisms of vitamin D deficiency among smokers have been postulated, such as lower physical activity, poor dietary habits, alcohol consumption and lean body mass. However, the major effects of smoking on vitamin D and calcium homeostasis cannot be explained by these lifestyle variables only. It has been postulated that the low vitamin D-parathyroid system seen among smokers may represent the mechanism for the adverse effects of smoking on the bones and increased risk of osteoporosis 30 . A recent study showed that the use of cigarette smoke extracts can inhibit the translocation of vitamin D receptors and vitamin D level and function in the body 31 . In smoking women, the lower vitamin D and bone mass has been attributed to the lowering of estrogen level instigated by increased hepatic turnover 32 .
Finally, patients with comorbidities such as hypertension, diabetes mellitus and arthritis showed no significant association with vitamin D level. However, this lack of significant association is probably due to the small number of patients with these disorders.
The pervasiveness of vitamin D deficiency revealed in this study is important for the public health decision makers to initiate public education and to consider dairy products and flour fortification with vitamin D.
Although this is a multicenter study and the sample was drawn from a large pool, it cannot be considered to represent the whole population of men in Bahrain. Furthermore, the study did not address the effects of vitamin D deficiency on the study subjects. Therefore, there is a need for a population-based study looking at the prevalence and the health consequences of vitamin D deficiency.
CONCLUSION
Vitamin D deficiency is common among men in Bahrain. High income, lack of sun exposure, and high BMI were significant and independent predictors of low vitamin D level. To accurately estimate vitamin D status at the national level, there is a need for a general population-based study in randomly selected sample including both genders from all age groups. ______________________________________________________________________________ Author contribution: All authors share equal effort contribution towards (1) substantial contributions to conception and design, acquisition, analysis and interpretation of data; (2) drafting the article and revising it critically for important intellectual content; and (3) final approval of the manuscript version to be published. Yes.
